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EXECUTIVE SUMMARY

This paper updates An Analysis of the Crash Experience of Light Trucks Equipped with Antilock Braking
Systems (DOT HS 808 278, May 1995) and An Analysis of the Crash Experience of Fives Equipped with
Antilock Braking Systems (DOT HS 808 279, May 1995) both by the same authors. The only subgtantive
changes in methodology are the incluson of pedestrian-involved crashes and the restriction of the control
crashes to a somewhat narrower class. Datafrom NHTSA's Fatality Andysis Reporting System, supplemented
by state crash files, were used to analyze the crash experience of antilock brake-equipped (ABS) and non-ABS-
equipped passenger vehicles. State crash files from Forida, Maryland, Missouri, and Pennsylvania were chosen
for andys's because these states collect and report, on their automeated files, the vehicle identification number for
crashrinvolved vehicles, an important characterigtic for identifying specific makesmodels and model years. Data
for this update were from the calendar years 1995 and 1996.

Five ABS-relevant crash types were identified as follows:

Q) rollovers,

2 side impacts with parked vehicles or fixed objects,

(©)] frontal impacts with parked vehicles or fixed objects

4 fronta impacts with another maotor vehicle in transport, and
(5) pedestrian-involved crashes

Passenger vehicle experiences in these five crash types were compared to a control group of passive crashes that
are not expected to be affected by the presence of ABS.

For light trucks and vans, the two types of ABS, dl-whed antilock systems (AWAL) and rear-whed antilock
systems (RWAL) were analyzed separately. For passenger cars, the vast mgjority of ABSisAWAL and o
attention was restricted to these.

The findings for passenger carsin fatd crashes are very smilar to the 1995 results. For passenger carsin non
fatal crashes the bendfitsin avoiding frontal crashes remain about the same. Side impacts and run-off-road
crashes, both on abad surface, went from a predicted increase to non-significance. In addition, there are
predicted decreases in crashes involving pedestrians.

For LTVs, no significant predicted changesin fatal crashes had been found for AWAL systemsin 1995 while the
current analys's shows some predicted increases in rollovers and side impacts (both crash types associated with
loss of contral). In non-fatal crashes with AWAL, frontals on good surfaces went from an increase to a decrease
and run-off-road crashes went from non-significance to a decrease. For LTVswith RWAL, the most dramatic
change isthat frontal crashes both fatal and nonfatal on both surface conditions no longer show an increase as
was the case in 1995.




PREFACE

The National Highway Traffic Safety Administration (NHTSA) recently completed this updated
evauation of the crash records of passenger vehicles equipped with antilock brake systems (ABS). The data
comprise more recent (1995-96) years of ABS exposure. The anadysis suggests that ABS has hel ped reduce
vehide-to-vehicle and pededtrian collisons.

Drivers of cars equipped with ABS are not colliding with other vehicles or pedestrians as often as drivers of cars
without ABS.

The study, however, shows that current ABS-equipped cars have a higher involvement rate, than cars
without ABS, in Sde impacts and in fata rollovers. The increase in these loss-of-control type crashesis
aurprising in view of the good performance of ABS in stopping tests conducted by the agency and others.
NHTSA isnot yet certain that the observed increase is a direct consequence of the ABS system and/or the
driver'sinteraction with ABS. NHTSA will continue to study the performance of current cars equipped with
ABS o find out why run-off-road crashes have increased, and whether the problem islikely to persst in the
future. The increase in run-off-road crashes might not be associated with al ABS systems; some current or
future designs may perform differently than others. It might result, to some extent, from the ingppropriate use of
ABS systems by drivers, and it could change as drivers gain more experience with their ABS systems.

Severa hypotheses have been suggested to explain the increase in run-off-road crashes. One possibility
IS that some drivers may negotiate curves or change lanes more aggressively because they believe ABS will
enable them to stop in ashorter distance or retain control of their vehicle in extreme driving maneuvers. Other
drivers, unaware of how ABS functions, may be pumping or releasing their brakes when the ABS beginsto
cycle. Another hypothesisisthat drivers react to an imminent crash threet by abruptly braking and steering; cars
without ABS would lock the front wheels and skid straight aheed, but cars equipped with ABS would remain
steerable and could leave the road in those circumstances. 1t must be emphasized that none of these theories has
been confirmed to date, by accident or test data, as an explanation for the increase in crashes.

NHTSA has established a program of data andyses and vehicle testing to obtain a better understanding
of the performance of ABS in run-off-road crashes:

0 National Automotive Sampling System (NASS), Fatdity Analyss Reporting System (FARS) and
narrative sections of North Carolina accident reports are being reviewed in-depth for casesinvolving
ABS-equipped cars which ran off the road.

0 Driverswho complained to the NHTSA's Auto Safety Hotline about the performance of their ABS
sysemswill be interviewed.

0 Discussons will be held with NASS crash investigators and with police officers who drive ABS-
equipped cruisers, or who have investigated crashes involving ABS-equipped vehicles, to gather their
indghts on possible causes of off-road crashes of ABS-equipped vehicles.

0 Recent Human Factors literature will be reviewed to learn how drivers respond (steering and/or braking)
to imminent crash thregts.

0 A research driving smulator will be used to determine average drivers braking and/or steering responses
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10 IMulated crasn threats. 1 IS Siuady will yield the best opjective oata likely 10 be obtained as to Whet
drivers actudly do when confronted with an imminent crash threst.

Combined braking and steering maneuver tests have been conducted with an ABS-equipped vehicle at
NHTSA's Vehicle Research and Test Center to establish the range and bounds of maneuvers that can be
successfully executed without aloss of directiona contral.

Follow-up reports will be released by NHTSA as the results of these efforts become available.

NHTSA's ultimate god is to identify appropriate actions that can be implemented by the Agency and/or industry
to ensure safe, cost- effective braking technology.

In the meantime, NHTSA urges drivers to gain a better understanding of how their ABS systems

operate, and to avoid usng ABS brakes in away that could increase crash risk:

o

Many driversthink the main purpose of ABS s to reduce stopping distances. Thisisaserious
misconception. ABS will only reduce stopping distances significantly in some specia road conditions,
but may increase distances in others.

The principa goas of ABS are to prevent skidding and |oss-of-control due to locked-whed braking,
and to dlow adriver to steer the vehicle during hard braking.

Drivers should not pump the brake peda in cars equipped with ABS. This can defeat the purpose of
ABS and may reduce braking capability.

Drivers should know that the ABS system can make noise and vibrate the brake peda wheniitis
working. They should not take their foot off the brake peda when they hear noise or fed peda
vibration.

If adriver makes a car skid for reasons other than braking, such as going around a curve too quickly,
ABS will not prevent or relieve the skid.

Drivers of cars equipped with ABS must maintain the same distance behind vehicles they follow that they
would have kept without ABS. They should not expect to stop more quickly because they have ABS.

Drivers of cars equipped with ABS should not drive around curves, or change lanes, or perform other
steering maneuvers any faster or more aggressively than they would have done without ABS. They
should not expect ABS to improve their control in these maneuvers.

Drivers should be aware that extreme steering maneuvers, executed while usng ABS brakes, could steer
the car off the road.

ABS can sgnificantly lengthen stopping distances on loose surfaces such as gravel or soft snow.
Drivers should dow down and alow extra distance between vehicles under those conditions.

NHTSA isvery interested in hearing from consumers about their experience with ABS systems,

especidly about cases where vehicles equipped with ABS ended up off theroad. Consumers are urged to cal
NHTSA's Auto Safety Hotline at 1-800-424-9393 (202-366-0123 in the Washington, DC Metro Areq).
The Auto Safety Hotline can aso provide information on the correct use and performance of ABS brakes.
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INTRODUCTION

Section 2507 of the Highway Safety Act of 1991 (the Act) directs NHTSA to initiate rulemaking to
congder the need for any additiona brake performance standards , including antilock braking systems (ABS) for
al passenger vehidles, i.e., passenger cars, light trucks, sport utility vehicles and vans weighing less than 10,000
pounds. NHTSA's determination of the viahility of upgrading braking standards was to include consideration of
amandatory ABS requirement for al passenger vehicles.

Vehicle manufacturers have offered ABS to consumers either as a tandard feature or as an option on
millions of passenger cars and light trucks since gpproximately 1985. Maost consumers appear to be
knowledgeable about the availability of ABS-equipped vehicles, and many have chosen to purchase vehicles
equipped with ABS. Manufacturers have actively advertised the availability of ABS on specific vehicle
make/models and their potentid safety benefits. In addition, severa insurance companies offer discountsin
premiums to consumers for ABS-equipped vehicles.

The objective of ABSisto automaticaly modulate braking pressure to prevent the vehicleés wheds from
locking during braking. By preventing whedl lockup, ABS alows driversto control their vehicles even in panic
braking Stuations. Two types of ABS systems are presently available, al-whed (AWAL) and rear wheel
(RWAL). Passenger carstypicdly are equipped with AWAL, which is designed to keep al wheds of the
vehideraling in an emergency braking Situation. This alows the driver to properly steer the vehicle during the
emergency Stuation and on some road surfaces, is intended to shorten the stopping distance. Mot light trucks
and vans with ABS are equipped with RWAL. RWAL prevents the rear whed's of these vehicles from "locking
up" during emergency braking Stuations. Preventing lock up is designed to aleviate difficultiesin directiona
contral, typicaly experienced by light trucks and vans in emergency braking maneuvers. An increasing number
of light trucks and vans are being equipped with AWAL.

Earlier work to study ABS effectiveness has been conducted by NHTSA's Office of Plans and Policy 2
. These sudies by Kahane examined the effectiveness of RWAL ABS for light trucks and for passenger cars
equipped with ABS. While RWAL was found to be effective in reducing the risk of nonfata run-off-road
crashes for light trucks, thisfinding did not carry over to fatal run-off-road crashesinvolving light trucks. Results
were conflicting regarding the effect of RWAL in fatd multivehicle crashes and uncertain for nonfatal multivehicle
crashesinvolving light trucks. Collisons with pedestrians, animals, bicyclids, trains, or on-road objects were
found to be significantly reduced in light trucks with RWAL. Kahan€'s findings for passenger cars were dso
mixed. Both fatd and nonfatal multivehicle crashes were sgnificantly reduced for passenger cars equipped with

! Kahane, Charles J., Ph.D., Preliminary Evaluation of the Effectiveness of Rear-Wheel
Antilock Brake Systems for Light Trucks, December 1993.

2 Kahane, Charles J., Ph.D., Preliminary Evaluation of the Effectiveness of Antilock Brake
Systems for Passenger Cars, U. S. Department of Transportation, DOT-HS-808-206, December
1994.



ABS. Haa crasnes with pedestrians and biCyclISs were aso Tound to be SgniTicantly reduced Tor passenger
cars equipped with ABS. However, single vehicle, run-off-road crashes were found to be significantly increased

for passenger cars equipped with ABS.

NHTSA's National Center for Statistics and Andysis (NCSA) has dso studied ABS effectiveness for
light trucks and vans ® and for passenger cars*. NCSA's study found significant reductionsin nonfata rollover
crashes and Sde impacts with fixed objects/parked vehicles for RWAL-equipped light trucks and vans; a
sgnificant reduction in nonfata rollover crashes for AWAL-equipped light trucks and vans, dong with mixed
findings for fatd crashes. NCSA's study noted that the relatively smal number of vehicles equipped with AWAL
systems made it difficult to detect significant differencesin crashes for these vehicles.

Studies on the effectiveness or impact of ABS have dso been conducted by Folksam Research of the
Chamers University of Technology in Sweden ° and the General Motors (GM) Research and Test Center ©.
Until recently, analyses for passenger cars involved crash data for what is believed to be an atypica group of
vehicles with limited modd years represented in the group. It is recommended that the impact of ABS in pecific
types of crashes continualy be reexamined for passenger vehicles as more of these vehicles are purchased by
greater numbers of consumers.

® Hertz, E., Hilton, J., and Johnson, D. M., An Analysis of the Crash Experience of Light Trucks
Equipped with Antilock Braking Systems DOT HS 808 278, May 1995.

* Hertz, E., Hilton, J., and Johnson, D. M., An Analysis of the Crash Experience of Passenger
Cars Equipped with Antilock Braking Systems, DOT HS 808 279, May 1995.

®> Kullgren A., Lie A., and Tingval C., The Effectiveness of ABSin Real Life Accidents, #94 S4
O 07, presented at the 14th International Technical Conference on the Enhanced Safety of Vehicles,
1994.

® Evans, Leonard, Ph.D., ABS and Relative Crash Risk Under Different Roadway, Weather,
and Other Conditions, [September 1994], SAE Technica Paper for presentation at SAE Annua
Meeting in February 1995.



DATA SOURCES, SELECTING CRASHES
AND IDENTIFYING VEHICLES

Datafrom NHTSA's Fatdity Analysis Reporting System (FARS) were used to andyze the fatal crash
experience of ABS- and non-ABS-equipped passenger vehiclesin this study. FARS began in 1975 and
contains census data on the most severe traffic crashes, i.e, those resulting in afatdity. A crashisincluded in
FARS when it involves amotor vehicle traveling on atrafficway open to the public and resultsin the death of an
occupant of avehicle or anonmotorist within 30 days of the crash. FARS data for caendar years 1995-96, the
two most recent available years, were sdlected for thisanalyss. It wasfelt that the two most recent years of data
would provide a sufficiently large sample of crashes involving both ABS- and non- ABS-equipped vehicles.

In addition to data from FARS, the two most recent years (1995-96) available of crash filesfor the
gates of Forida, Maryland, Missouri and Pennsylvaniawere chosen for andysis. Thefilesfor Horida,
Maryland, Pennsylvania, and Missouri contain data on al applicable crashes, ranging from property- damage-
only to fata, which occurred in each of these dates. In addition, these states collect and report in their
automated crash files the vehicle identification number (VIN) of crashrinvolved vehicles. This characteristic was
important in sdlecting the sate files that would be used in thisanalys's, as VIN was used to identify specific
makes and models of passenger vehicles that were equipped with ABS and to identify comparable non-ABS
vehicles.

Once FARS and the specific date files were selected for use in the analysis, the next step was to prepare
each of these data files into trestment groups and a control group. The objective was to separate those crashes
in which the passenger vehicle(s) involved would be affected by the presence of ABS (i.e., treetment groups),
from those crashes in which the passenger vehicle(s) involved would not be affected by ABS (i.e., a control
group). With thisview in mind, certain crash types consdered to be "ambiguous’ were deleted. Ambiguitiesin
characterizing crashes and the passenger vehicles involved in these crashes arose in the following areas: crash
fectors, driver factors, and environmenta factors.

Crash factors. Crashes were consgdered ambiguousif, for example, it was uncertain whether ABS
would have been beneficid in either avoiding the crash or reducing the severity of the crash. These ambiguous
crashes included sdeswipesin multivehicle callisons, head-on collisons and collisons with a vehicle on another
roadway, as well as crashes in which the manner of collison was ether unknown or characterized as "front-rear”.

Front-rear crashes are those in which the passenger vehicles have a least two impacts, onein front and onein
therear, asin a"pile-up" crash.

Driver factors: Passenger vehicles with an dcohol-impaired driver were also diminated from the
treatment groups, asit was consdered questionable whether or not a driver under the influence would be able to
use ABS properly in an emergency crash situation.”

Environmental factors. Crashes where the road condition (i.e., wet vs. dry, paved vs. unpaved) was
unknown were deleted since one god of the study was to determine the effect of ABS separately for favorable
("good", i.e.,, paved, free of debris, dry) and unfavorable ("bad", i.e., wet, snowy, icy, gravel, unpaved) road
conditions.

" A separate andlysis including vehicles operated by acohol-impaired drivers was conducted to
determineif the findings of ABS effectiveness would be greetly affected. The results including acohol-
impaired drivers were dmost identicd to the results without these drivers.
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Datafor the remaining crashes were divided into five separate treatment groups asfollows. Each of the five
types of ABS-relevant crashes were defined according to the first event:

(1) rollovers (ROLL);

(2) frontd impacts with parked vehicles or fixed objects, i.e., "run-off-the-road" (ROR)
Stuations, in which it is unclear whether either inability to stop and/or loss of control were mgor
crash factors

(3) side impacts with parked vehicles or fixed objects (SIDE), both considered "loss of control”
Stuations,

(4) fronta impacts with another motor vehicle in trangport (FRONT), i.e,, "did not stop in time"
gtuations; and

(5). impacts with a pedestrian (PED).

The passenger vehiclesinvolved in these five treetment groups of crashes were considered to represent
those for which there would be potentiad safety benefits of ABS.

The control group of vehicles conssted of vehicles that were standing il or sarting out from a parked
position at the time of the crash. Crash involvement rates for each of the five trestment groups were analyzed and
compared with the crash involvement rate for the control group.

Once the passenger vehiclesin FARS and the State files were separated into treatment and control
groups, it was necessary to identify which specific makes and modedls were equipped with ABS versus those that
were not. This was done with VINPLUS. Passenger carsthat did not decode as either having ABS unavailable
or AWAL standard and LTV s that did not decode as having ABS unavailable or AWAL standard or RWAL
standard were diminated.

ANALYTICAL METHOD

A crash was consdered ABS relevant if it might have been affected by the presence of ABS.
Obvioudy, there is no direct way to count the crashes that were prevented, nor is there any way to determine if
ABS was activated during the pre-crash maneuver. The basic approach, therefore, was to study the changein
the proportion of crashes that were relevant, assuming that the presence or absence of ABS does not affect the
occurrence of non-relevant crashes. The anaytical methodology chosen for this study aso controls for some
demographic characteristics of the drivers dong with environmental and vehicle factors.

As gtated, five types of relevant crashes, also caled trestment groups, were considered. These treatment
groups are rollover (ROLL), sde impact with afixed object (SIDE), frontal impact with afixed object (i.e., run-
off-the-road crashes, (ROR), involvement in atwo-car crash asthe striking vehicle (FRONT) and impact with a
pedestrian (PED) . Separate analyses were conducted for crashes that occurred on favorable road conditions,
"good" vs. unfavorable road conditions, "bad".

The basic technique was to consider the crash data as each observation corresponding to a vehicle that



nad been In acrasn. Logislic regresson ~ was Used 10 1eSl the efTect or ABS 0N the probaility that the crasn
was relevant, while controlling for other factors. This technique has been successfully used in other NCSA and
NHTSA studies. °*°

Estimating the impact of ABS in reducing relevant crashes could be confounded by factors related to the
driver, environment, crash, or other circumstances. To accurately estimate the impact of ABS, therefore,
variables were included in the logistic regresson to control for those factors, other than ABS, which could
influence the proportion of relevant crashes. For example, if ABS-equipped passenger vehicles are more likely
to be driven by younger maes than by other segments of the driving population, then driver and vehicle
characterigtics could confound estimating the impact of ABS. Asaresult, the age and the sex of the driver,
whether or not the crash occurred on a curved road segment (thereby increasing the difficulty in maneuvering to
avoid a crash), whether the crash occurred in arura vs. an urban setting, and the age of the vehicle were chosen
for incluson in the logidtic regresson modd.

For passenger cars, for each of the four states and FARS, for each type of road condition, for each of
the five types of treatment group crashes, alogistic regression was conducted of the form:

logit(p) = AGE YOUNG MALE CURVED ABSRURAL VEH_AGE
where p is the probability of an ABS-relevant response, AGE is the age of the driver and YOUNG isan
indicator variable that takes the value 1 if the driver isunder 25, 0 otherwise. RURAL, an indicator of crashes
occurring in rurd vs. urban areas, was not available in Missouri and an indicator variable for speed limit of at

least 45 mph was substituted.

For LTVs, both for AWAL and for RWAL ABS systems, for each of the four states and FARS, for each type
of road condition, for each of the five types of trestment group crashes, alogigtic regression was conducted of
theform:

logit(p) = AGE YOUNG MALE CURVED ABSRURAL VEH_AGE VAN

where VAN is anindicator variable that takes the value 1 if the vehideisa VAN and O otherwise. RWAL LTVs

® Hosmer, D. and Lemeshow, S., Applied Logistic Regression, John Wiley and Sons Publications,
1989.

®Klein, T. M., Hertz, E., Borener, S, A Collection of Recent Analyses of Vehicle Weight and
Safety, U. S. Department of Transportation, DOT HS 807 677, May 1991.

0 Kldn, Terry M., A Satistical Analysis of Vehicle Rollover Propensity and Vehicle Stability,
SAE Technica Paper Series 920584, The Society for Automotive Engineers, 1992]



were excluded Tor analyses of AWAL ABSLIVsand
AWAL LTVswere excluded for andyses of RWAL ABSLTVs.

Each of these models was run a second time with only those predictors that were Satigticaly significant,
whileretaining ABS. Thisresulted in afina estimate of the coefficient for ABS and its standard error for each of
the analyses, as shown in Tables 1(a)- 1(c) for passenger cars, RWAL ABSLTVsand AWAL ABSLTVs
respectively. Tables 1(a)-1(c) entries represent the change in the log odds ratio of an ABS-relevant to an ABS-

nonrelevant crash in the presence of an ABS-equipped vehicle. Negative coefficientsrepresent areduction
that isassociated with the presence of ABS.



Rollover Crashes

Database

FARS

FLORIDA

MARYLAND

PENNSYLVANIA

MISSOURI

TABLE la

Summary of Logistic Regressions for
Antilock-Equipped Passenger Cars

Sde Impact Crashes w/Parked Vehicle

or Fixed Object

Database

FARS
FLORIDA

MARYLAND

PENNSYLVANIA

MISSOURI

On Good Surfaces On Bad Surfaces

ABS Coeff. Sd. Error ABS Coeff. Sd. Error
0.4132 * 0.1523 -0.1469 0.3908
0.0528 0.0861 0.0797 0.1911
-0.4398 0.2359 -0.1157 0.2785
-0.2772 * 0.1056 0.2185 0.1065
-0.3481 * 0.0900 0.1425 0.1427
On Good Surfaces On Bad Surfaces

ABS Coeff. Sd. Error ABS Coeff. Sd. Error
0.4759 * 0.1526 0.5271* 0.2454
0.2495 * 0.0627 0.5067 * 0.0877
0.0234 0.0488 -0.0080 0.0586
-0.1301 0.1899 0.0193 0.1699
0.0086 0.0578 -0.1290 0.0866




Front Impact Crashes w/ Another
Vehicle in Transport

Database

FARS

FLORIDA

MARYLAND

PENNSYLVANIA

MISSOURI

TABLE 1la (continued)
Summary of Logistic Regressionsfor
Antilock-Equipped Passenger Cars

On Good Surfaces

On Bad Surfaces

ABS Coeff. Sd. Error ABS Coeff. Sd. Error
0.0472 0.0962 -0.5184 * 0.1947
-0.2318 * 0.0154 -0.6059 * 0.0325
-0.1181 * 0.0462 -0.4400 * 0.0768
-0.1265 * 0.0371 -0.5108 * 0.0591
-0.1627 * 0.0279 -0.4969 * 0.0500

Front Impact Crashes w/ Parked
Vehicle or Fixed Object

Database

FARS

FLORIDA

MARYLAND

PENNSYLVANIA

MISSOURI

On Good Surfaces

On Bad Surfaces

ABS Coeff. Sd. Error ABS Coeff. Sd. Error
-0.1146 0.1126 -0.1690 0.2219
-0.1373 * 0.0340 0.0610 0.0588

-0.0235 0.0823 -0.1628 0.1052
-0.1796 * 0.0639 0.1133 0.0817

-0.1634* 0.0472 -0.0206 0.0730

* Indicates Statistical Significance at the 4= 0.05 level, two-tailed test




TABLE 1a (continued)

Summary of Logistic Regressionsfor
Antilock-Equipped Passenger Cars

Impacts with a Pedestrian

Database

FARS

FLORIDA

MARYLAND

PENNSYLVANIA

MISSOURI

Indicates Statistica Significance at the 4= 0.05 level, two-tailed test

On Good Surfaces On Bad Surfaces

ABS Coeff. Sd. Error ABS Coeff. Sd. Error
0.0982 0.1039 -0.4747 * 0.2238
-0.1362 * 0.0278 -0.4839 * 0.0588
-0.0750 0.0549 -0.3003 * 0.0764
-0.2219* 0.0767 -0.3029 * 0.1312
-0.0118 0.0483 -0.0905 0.0992




"he corresponding raw coefficients for RWAL equipped LTVs are displayed in Table 1b:

Rollover Crashes

Database

FARS

FLORIDA

MARYLAND

PENNSYLVANIA

MISSOURI

TABLE 1b

Summary of Logistic Regressionsfor
LTVs Equipped with RWAL ABS

On Good Surfaces

On Bad Surfaces

ABS Coeff. Sd. Error ABS Coeff. Sd. Error
0.0444 0.1399 0.6376 * 0.3083
-0.4128 0.1040 * -0.4803 * 0.1715
-0.7488 0.2288 * -0.7162 * 0.2924
-0.7016 0.1530 * -0.3825 * 0.1470
-0.5869 0.1013 * -0.5211 * 0.1415

Sde Impact Crashes w/Parked Vehicle

or Fixed Object

Database

FARS

FLORIDA

MARYLAND

PENNSYLVANIA

MISSOURI

On Good Surfaces

On Bad Surfaces

ABS Coeff. Sd. Error ABS Coeff. Sd. Error
-0.1022 0.2224 0.0191 0.3234
0.0892 0.1155 -0.5272 * 0.1703
-0.1491 0.1010 -0.1868 0.1460
-0.5180 0.4651 -0.4827 0.2858
-0.3143* 0.0942 -0.3475* 0.1300




Front Impact Crashes w/ Another
Vehicle in Transport

TABLE 1b (continued)
Summary of Logistic Regressionsfor
LTVsEquipped with RWAL ABS

On Good Surfaces On Bad Surfaces
Database ABS Coeff. Std. Error ABS Coeff. Std. Error
FARS 0.1855 0.1009 0.1874 0.2276
FLORIDA -0.0059 0.0295 -0.1336 * 0.0509

0.0949 0.0765 -0.1955 0.1072
MARYLAND

0.1207 0.0624 0.1227 0.0991
PENNSYLVANIA | g 5788 0.0485 0.0192 0.0842
MISSOURI

Front Impact Crashes w/ Parked
Vehicle or Fixed Object

On Good Surfaces On Bad Surfaces
Database

ABS Coeff. Std. Error ABS Coeff. Std. Error
FARS -0.3255 * 0.1307 0.0275 0.2727
FLORIDA -0.0639 0.0634 -0.0198 0.1038

-0.2874 0.1317 -0.0406 0.1711
MARYLAND

-0.1736 0.1022 -0.2640 0.1154
PENNSYLVANIA 1 g 1107 0.0784 -0.0688 0.1252
MISSOURI

* Indicates Statistical Significance at the 4= 0.05 level, two-tailed test
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Impacts with a Pedestrian

Database

FARS

FLORIDA

MARYLAND

PENNSYLVANIA

MISSOURI

| ABLE 1b (continueq)
Summary of Logistic Regressions for
LTVsEquipped with RWAL ABS

On Good Surfaces

On Bad Surfaces

ABS Coeff. Sd. Error ABS Coeff. Sd. Error
-0.0526 0.1118 0.0505 0.2500
-0.0453 0.0470 0.0055 0.0945
-0.0856 0.0921 -0.0233 0.1822
-0.1672 0.1367 0.0611 0.2713
-0.0069 0.0685 0.1526 0.1566

Indicates Statistical Significance at the a= 0.05 level, two-tailed test
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Similarly, the raw coefficients for AWAL equipped LTVsare disolayed in Table 1c:

Rollover Crashes

Database

FARS

FLORIDA

MARYLAND

PENNSYLVANIA

MISSOURI

TABLE 1c
Summary of Logistic Regressionsfor
LTVs Equipped with AWAL ABS

On Good Surfaces

On Bad Surfaces

ABS Coeff. Sd. Error ABS Coeff. Sd. Error
0.6780 * 0.1970 0.8093 * 0.3634
-0.6497 * 0.2685 -0.9710 * 0.4610
-0.2364 0.5123 -0.5913 0.5683
-0.4823 0.3127 -0.4463 0.3067
-0.3200 0.2175 -0.5066 0.2670

Sde Impact Crashes w/Parked Vehicle

or Fixed Object

Database

FARS

FLORIDA

MARYLAND

PENNSYLVANIA

MISSOURI

On Good Surfaces

On Bad Surfaces

ABS Coeff. Sd. Error ABS Coeff. Sd. Error
0.7455 * 0.3022 -0.2969 0.4409
0.2453 0.2065 -0.3624 0.3597
0.0353 0.2586 0.1553 0.3488
-0.6128 1.1701 -0.9033 0.6876
0.1106 0.1584 -0.6884 0.2715
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Front Impact Crashes w/ Another
Vehicle in Transport

TABLE 1c (continued)
Summary of Logistic Regressions for
LTVsEquipped with AWAL ABS

On Good Surfaces On Bad Surfaces
Database ABS Coeff. Std. Error ABS Coeff. Std. Error
FARS 0.2692 0.1434 -0.1563 0.2725
FLORIDA -0.1409 * 0.0514 -0.5229 * 0.1089

0.0872 0.1437 -0.6163 * 0.2299
MARYLAND

-0.0321 0.1156 -0.0878 0.1986
PENNSYLVANIA | g 5383+ 0.0636 _0.5372 * 0.1133
MISSOURI

Front Impact Crashes w/ Parked
Vehicle or Fixed Object

On Good Surfaces On Bad Surfaces
Database

ABS Coeff. Std. Error ABS Coeff. Std. Error
FARS 0.1452 0.1776 -0.2861 0.3614
FLORIDA -0.1636 0.1209 -0.1465 0.2180

-0.2256 0.2978 -0.5210 0.3653
MARYLAND

-0.0562 0.1903 -0.0888 0.2250
PENNSYLVANIA | 4341 * 0.1221 -0.7810 * 0.1815
MISSOURI

* Indicates Statistical Significance at the 4= 0.05 level, two-tailed test
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Impacts with a Pedestrian

Database

FARS

FLORIDA

MARYLAND

PENNSYLVANIA

MISSOURI

| ABLE 1c (continueq)
Summary of Logistic Regressions for
LTVsEquipped with AWAL ABS

On Good Surfaces On Bad Surfaces

ABS Coeff. Sd. Error ABS Coeff. Sd. Error
0.0814 0.1591 -0.6837 * 0.3429
-0.0281 0.0898 -0.3417 0.2026
-0.0076 0.1758 0.1447 0.4590
-0.2551 0.2450 0.4563 0.4648
0.0601 0.1149 -0.2895 0.2274

Indicates Statistical Significance at the a= 0.05 level, two-tailed test
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It appears reasonable to assume that the effects of ABS should not differ dramaticdly from State
to state. Theresults, in fact, did not appear to contradict this assumption, i.e., when the state results
were examined in pairs, there were no pairs in which there were satidicaly significant results for the
impact of ABS in opposite directions under the same circumstances. Therefore, the state ABS
estimated coefficients were combined to form a single estimate, the common log odds ratio, for the
same level of RESPONSE and SURFACE, using statistical methods described in Fleiss ™. These
results are displayed in Table 2a-2c and represent crashes of al severitiesin the four Sates.

TABLE 2a
Combined ABS Coefficientsand Standard Errors
for All Crashes, Passenger Cars

Crash Type Surface ABS Coefficent | Standard Error Sgnificance
Condition
ROLL Bad 0.15178 0.075054 INCREASE
ROLL Good 0.18749 0.052269 DECREASE
ROR Bad 0.02240 0.037332 NS
ROR Good -0.14043 0.024203 DECREASE
SIDE Bad 0.07978 0.04118 NS
SIDE Good 0.07218 0.031604 INCREASE
FRONT Bad -0.55096 0.023557 DECREASE
FRONT Good -0.19909 0.012239 DECREASE
PED Bad -0.35184 0.040134 DECREASE
PED Good -0.10973 0.021184 DECREASE
LEGEND
ROLL = Rollover Crashes
ROR =Run-off-Road Crashes
SIDE = Side impact Crashes with parked vehicles or fixed objects
FRONT = Frontal impact Crashes with another motor vehicle in transport
PED =Pedestrian-Involved Crashes

The combined coefficients for LTVswith RWAL ABS are displayed in Table 2b.

" Heiss, Statistical Methods for Rates and Proportions, John Wiley & Sons, Inc., [1981].
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TABLE 2b

Combined ABS Cosefficientsand Standard Errors

for All Crashes, RWAL LTVs

Crash Type Surface ABS Coefficient Standard Error Sgnificance
Condition

ROLL Bad -0.48219 0.083946 DECREASE
ROLL Good -0.55476 0.063031 DECREASE
ROR Bad -0.10319 0.061323 NS

ROR Good -0.11875 0.042065 DECREASE
SIDE Bad -0.34952 0.080902 DECREASE
SIDE Good -0.15762 0.058678 DECREASE
FRONT Bad -0.07450 0.037371 DECREASE
FRONT Good 0.03703 0.022322 NS

PED Bad 0.03543 0.70126 NS

PED Good -0.04895 0.034568 NS
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TABLE 2c

Combined ABS Coefficientsand Standard Errors

for All Crashes, AWAL LTVs

Crash Type Surface ABS Coefficent | Standard Error Sgnificance
Condition

ROLL Bad -0.56207 0.17552 DECREASE
ROLL Good -0.44054 0.14277 DECREASE
ROR Bad -0.41270 0.11276 DECREASE
ROR Good -0.25471 0.07572 DECREASE
SIDE Bad -0.40390 0.17779 DECREASE
SIDE Good 0.12829 0.11239 NS

FRONT Bad -0.48345 0.06959 DECREASE
FRONT Good -0.14745 0.03654 DECREASE
PED Bad -0.20947 0.13735 NS

PED Good -0.01376 0.06341 NS
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These coefficients can be trandated into the percentage change in the expected number of
relevant crashesin the following way:

(1) Expected percentage change = 100* [ exp(ABS coefficient)-1 |

Thejudtification for this formulation is as follows Assume agroup of vehicles, without ABS, will
have N crashes of which pyN are relevant and (1-po)N are nonrdlevant. With ABS there will till be (1-
Po)N nonrelevant crashes. There will now be R relevant crasheswhere R/[R+(1-po)N] = py, i.e R=
[p/(1-p1)]N(1-po) Since p; isthe new proportion of relevant crashes. But po and p, are related by

(2) [po/(1-p))/[po/(1-po)] = exp(ABS coefficient)

It follows that the expected percentage change in the number of relevant crashes dueto ABS s
100* (R-poN)/(poN), or 100*[ exp(coefficient)-1].

The proportion of ABS-relevant crashes could conceivably be reduced in two different ways.
ABS-relevant crashes could be prevented or ABS-relevant crashes could be replaced by ABS-
nonrelevant crashes. The assumption is being made that the presence of ABS has the potentid to
prevent the relevant crashes. Thisis probably generdly true when the response is collison with another
vehicle or fixed object. Inthe case of rollover, it is possible that the crash would still take place but be
mitigated in the presence of ABS, that is, would become a nonrollover crash. However, since the
proportion of rollover crashesis smdl, in equation (2), 1-po and 1-p; are approximately 1 and we il
obtain, approximately, pi/po = exp(ABS coefficient) so that(p:-po)/po = exp(ABS coefficient)- 1.

Replacing the ABS codfficient c in (1) with ¢ + 1.96* (standard error of ¢) resultsin 95 percent

confidence limits for the expected percentage change in relevant crashes. The results are displayed in
Tables 3a-3c.
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TABLE 3a
Estimated Percent Changesin Crash Typesfor ABS-Equipped
Passenger CarsWith 95 Percent Confidence Bounds

For All Crashes
Crash Type Surface Percent | Lower | Upper
Condition Change | Bound | Bound
ROLL Bad 16 0 35
ROLL Good -17 -25 -8
ROR Bad 2 -5 10
ROR Good -13 -17 -9
SIDE Bad 8 0 17
SIDE Good 7 1 14
FRONT Bad -42 -45 -40
FRONT Good -18 -20 -16
PED Bad -30 -35 -24
PED Goaod -10 -14 -7
For Fatal Crashes
Crash Type Surface Percent | Lower | Upper
Condition Change | Bound | Bound
ROLL Bad -14 -60 86
ROLL Good 51 12 104
ROR Bad -16 -45 30
ROR Good -11 -28 11
SIDE Bad 69 5 174
SIDE Good 61 19 117
FRONT Bad -40 -59 -13
FRONT Good 5 -13 27
PED Bad -38 -60 -4
PED Good 10 -10 35
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LEGEND

ROLL = Rollover Crashes

SIDE = Sideimpact Crashes with parked vehicles or fixed objects.

FRONT = Frontal impact Crashes with another motor vehicle in transport.

ROR = Frontal impact Crashes with parked vehicles or fixed objects.
TABLE 3b

Estimated Percent Changesin Crash Types
with 95% Confidence Bounds
for RWAL Equipped LTVs

For All Crashes
Crash Type Surface Percent | Lower | Upper
Condition Change | Bound | Bound
ROLL Bad -38 -48 -27
ROLL Good -43 -49 -35
ROR Bad -10 -20 2
ROR Good -11 -18 -4
SIDE Bad -29 -40 -17
SIDE Good -15 -24 -4
FRONT Bad -7 -14 0
FRONT Goaod 4 -1 8
PED Bad 4 -10 19
PED Good -5 -11 2
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For Fatal Crashes

Crash Type Surface Percent | Lower | Upper
Condition Change | Bound | Bound
ROLL Bad 89 3 246
ROLL Good 5 -21 38
ROR Bad 3 -40 75
ROR Good -28 -44 -7
SIDE Bad 2 -46 92
SIDE Good -10 -42 40
FRONT Bad 21 -23 88
FRONT Good 20 -1 47
PED Bad 5 -36 72
PED Good -5 -24 18
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For All Crashes

TABLE 3c

Estimated Percent Changesin Crash Types
with 95% Confidence Bounds
for AWAL Equipped LTVs

Crash Type Surface Percent | Lower | Upper
Condition Change | Bound | Bound
ROLL Bad -43 -60 -20
ROLL Good -36 -51 -15
ROR Bad -33 -47 -17
ROR Good -24 -35 -12
SIDE Bad -35 -54 -8
SIDE Good 14 -9 42
FRONT Bad -38 -46 -29
FRONT Good -14 -20 -8
PED Bad -19 -38 6
PED Good -1 -13 12
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For Fatal Crashes

Crash Type Surface Percent | Lower | Upper
Condition Change | Bound | Bound
ROLL Bad 125 10 358
ROLL Good 97 34 190
ROR Bad -25 -63 53
ROR Good 16 -18 64
SIDE Bad -26 -69 76
SIDE Good 111 17 281
FRONT Bad -14 -50 46
FRONT Good 31 -1 73
PED Bad -50 -74 0
PED Good 8 -21 48

How does the impact of the presence of ABS differ on "good" road surfaces vs. "bad" road
surfaces? To answer this question, observe that for each combination of the 2 vaues of FATAL and
the 4 crash types, Tables 3a-c display two estimates for the ABS coefficient, one for good surface and
onefor bad. For each of these estimates, there is an estimated standard error.  Since these estimates
are independent, it is straightforward to test if thair difference is Sgnificantly different from O a p = 0.05.

If it is not, they can be combined, again using the method described in Heiss. Theseresultsare
displayedin Tables4a-c. In Tables4a-c, the PERCENT CHANGE isthe point esimate. Thelast

column indicates if the ABS effect is agnificantly different from zero.

Tables 5a ¢ summarize the Satidticaly sgnificant expected percentage reductions with ABS,
combining surfaces whereit is valid to do so and presenting effects separately by surface condition
where they are Sgnificantly different. Confidence limits are presented to provide the different levels of

precison.
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TABLE 4a
Estimated Percent Change in Response Crashes
in ABS Passenger Cars, When Surfaces Can Be Combined

Crash Severity | Crasn Type | Percent Satidicdly Sgnificant
Change
Fatal ROLL 40 YES
Fatal ROR -12 NO
Fatal SIDE 63 YES
All SIDE 8 YES
LEGEND
ROLL = Rollover Crashes
SIDE = Side impact Crashes with parked vehicles or fixed objects.
FRONT = Frontal impact Crashes with another motor vehicle in transport.
ROR = Frontal impact Crashes with parked vehicles or fixed objects
PED = Pedestrian Crashes.
TABLE 4b
Estimated Percent Change in Response Crashes
in RW ABSLTVs, When Surfaces Can Be Combined
Crash Severity Crash Type Percent Change Satidicdly Sgnificant
Fatal FRONT 20 NO
Fatal PED -3 NO
Fatal ROLL 16 NO
Fatal ROR -23 YES
Fatal SIDE -6 NO
All PED -3 NO
All ROLL -41 YES
All ROR -11 YES
All SIDE -20 YES
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TABLE 4c
Estimated Percent Change in Response Crashes
in AW ABSLTVs, When Surfaces Can Be Combined

Crash Severity Crash Type Percent Change Satidicdly Sgnificant
Fatal FRONT 19 NO

Fatal ROLL 103 YES

Fatal ROR 6 NO

Fatal SIDE 51 NO

All PED -5 NO

All ROLL -39 YES

All ROR -26 YES

26




TABLE 5a

Summary of Statistically Significant Effectsof ABS for Passenger Cars

Crash Severity Crash Type Surface Condition Percent Lower Upper
Change Bound Bound

All FRONT Bad -42 -45 -39

All FRONT Good -18 -20 -16

All ROLL Good -17 -25 -8

All ROR Good -13 -17 -9

All SIDE Both 8 3 13

All PED Bad -30 -35 -24

All PED Good -10 -14 -7

Fatal ROLL Both 40 6 85

Fatal SIDE Both 63 27 110

Fatal FRONT Bad -40 -59 -13

Fatal PED Bad -38 -60 -4
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TABLE 5b

Summary of Statigtically Significant Effects of ABSfor RWAL LTVs

Crash Severity Crash Type Surface Condition Percent Lower Upper
Change Bound Bound
All ROLL Both -41 -47 -35
All ROR Both -11 -17 -4
All SIDE Both -20 -27 -12
Fatal ROR Both -23 -39 -3
TABLE 5c
Summary of Statistically Significant Effectsof ABSfor AWAL LTVs
Crash Severity Crash Type Surface Condition Percent Lower Upper
Change Bound Bound
All FRONT Bad -38 -46 -29
All FRONT Good -14 -20 -8
All ROLL Both -39 -51 -24
All ROR Both -26 -35 -17
All SIDE Bad -33 -53 -5
Fatal ROLL Both 103 45 185
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DISCUSSION

The findings for passenger cars in fatal crashes for this study are very similar to the earlier
results. For passenger cars in non-fatal crashes the benefits in avoiding frontal crashes remain
about the same. Side impacts and run-off-road crashes on unfavorable surfaces, went from a
predicted increase in the earlier study to non-significance in these findings. In addition, there are
decreases predicted for crashes involving pedestrians.

For light trucks and vans, the two types of ABS, i.e., AWAL and RWAL, were analyzed
separately. No significant predicted changes in fatal crashes had been found for AWAL systems in
the earlier study, while the current analysis shows some predicted increases in rollovers and side
impacts (both crash types associated with loss of control). In non-fatal crashes with AWAL,
frontals on good surfaces went from an increase to a decrease and run-off-road crashes went from
non-significance to a decrease. For LTVs with RWAL, the most dramatic change is that both
fatal and nonfatal frontal crashes on favorable and unfavorable road conditions no longer show an
increase as was the case in the earlier study.

These results surely raise as many questions as they answer. The overall impact of ABS for
total crashes and fatalities, i.e., across all crash types, was not estimated in this study. Meanwhile,
it has been hypothesized that the apparent increase in loss of control type crashes, i.e., rollovers
and side impact crashes, results from successful deliberate attempts to steer off the road in order to
avoid worse targets (most notably, perhaps, pedestrians) that now become possible because the
wheels do not lock up. Some of the improved predictions for ABS, especially regarding non-fatal
crashes in which the driver may be under less pressure, could possibly be due to increased skill on
the part of motorists in using ABS. Also, the systems themselves may have been improved.
Further analysis is planned which will take into account, where possible, the generation of the
ABS and the driver-s amount of experience with ABS. Meanwhile, NHTSA urges drivers to gain
an in-depth understanding of the operation of their ABS-equipped vehicles to utilize the safety
potential of ABS.
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